Potential for focused low energy X-ray beam for therapy
We have evaluated the potential of low energy focused x-ray beams for radiation therapy. In conventional external beam radiation therapy, megavoltage beams are used to reduce the skin dose, even for relatively shallow tumors (depth<5 cm). Instead, focusing the x-ray beam can result in spreading the beam across the skin surface while increasing the beam intensity at the tumor. Polycapillary lenses can be used to collect the x-rays from conventional divergent x-ray sources and redirect them to make a focused x-ray beam. The schematic diagram of the proposed method is shown in Figure 1 . Transmission of the optic, the ratio of the number of photons exiting the lens to those incident on the front face, was measured in 2 keV photon energy bins. The size of the output focal point was determined by taking images of the lens output. The image profiles were fitted with Gaussian to estimate the width of the focus point. The minimum width was found to be 0.20 mm at the output focal point distance of 50 mm with a 10 mm depth of field. PMMA blocks of varying thickness were placed between the optic and focal point to establish that focusing of the beam was maintained through 40 mm of PMMA. The measured energy spectrum, transmitted beam diameter, output focus distance and focal spot size were used to simulate the focused beam in MCNP5. A C++ program was written to produce thousands of source vectors which were used in the SDEF card of MCNP5 to define a convergent beam. Percent depth dose calculated inside the tissue phantom is shown in Figure 2 . The focused beam was found to concentrate the dose within the tumor with sharp fall off before and after the treatment volume. If a linear scan is performed to cover a larger volume, the skin dose may be increased. However, rotating the beam as it is scanned maintains the beam spreading and the skin sparing effect, as shown in Figure 3 . Low energy focused x-ray beams could be used to irradiate the tumors inside soft tissue within 5 cm of the surface. 
